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ABSTRACT 



Context. Future astrometric missions such as SIM PlanetQuest need very stable reference stars. K giants have large luminosities, which place 
them at large distances and thus the jitter of their photocenters by companions is relatively small. Therefore K giants would be best suited as 
references. To confirm this observationally a radial velocity survey is performed to quantify the level of intrinsic variability in K giants. 
Aims. From this radial velocity survey we present 34 K giants with an observed standard deviation of the radial velocity of less than 20 m/s. 

^^ These stars are considered "stable" and can be used as radial velocity standards. 

^^ Methods. The radial velocity survey contains 179 K giants. All K giants have a declination between -30° and +65° and visual magnitude of 
(-H 3-6 mag. The Coude Auxiliary Telescope (CAT) at UCO/Lick Observatory is used to obtain radial velocities with an accuracy of 5 - 8 m/s. 
Q,' The number of epochs for the 34 stable stars ranges from 1 1 to 28 with a total timespan of the observations between 1 800 and a little over 2200 
days. 

Results. The observational results of the 34 "stable" stars are shown together with a discussion about their position in the My \s. B-V diagram 
and some conclusions concerning the radial velocity variability of K giants. These results are in agreement with the theoretical predictions. K 
giants in a certain range of the My vs. 6 - V diagram are suitable reference stars. 
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1. Introduction few m/s (see e.g. lMarcv & Butleil200ollOueloz et alJ200l|) and 

with HARPS (High Accuracy Radial velocity Planet Searcher 

To perform high precision astrometric observations very sta- ^^ t^e 3.6 m telescope. La Silla Observatory, ESO Chile) even 

ble reference stars are needed. In preparation of the S^ace ^^ i ^/s ( Pepe et al. 2003) . Most extrasolar planets known so 

Interferometry Mission (SIM PlanetQuest), J FrinketalJ ^20011) f^r have been discovered around main sequence stars using ra- 

investigated which type of stars would be best suited as refer- ^jj^j velocity observations. Like main sequence stars, K giant 

ence stars. Although known to be photospherically active, K ^^^^^^ ^.^^^^^^ ^ l^rge number of narrow spectral lines and ac- 

giants appeared to be the best choice, mainly because of their curate radial velocity variations can also be obtained for these 

large distances, brightness and sky coverage. To quantify the g^^j.^ 
photospheric activity observationally, a radial velocity survey 

was started to measure the level of intrinsic radial velocity vari- I" *is paper we present results for 34 K giants, from the 

ability in K siant stars above-mentioned survey, with an observed standard deviation 

of the radial velocity of less than 20 m/s. These stars are con- 



For about a decade, well known techniques have been used 
to perform very accurate radial velocity observations, up to a 



sidered stable and can be used as radial-velocity standards. 

In general the possibility of accurate radial velocity obser- 
Send ofprint requests to: S. Hekker, vations makes it possible and necessary to select radial ve- 

email: saskia@strw.leidenuniv.nl locity standards wit h smaller radi al velocity variations. The 



Based on observations taken at University of California lAU Stan dard st a i'S (|PearcJll955l) and the suggested exten 



Observatories / Lick Observatory. sions by iHeard ( 119681) and Evan si ( 1 19681) for the northern 
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and southern sky respectiv ely do not yet have an ac curacy of 
a few m/s. More recently iKharchenko et alJ 1120041) selected 
3967 stars from their "Catalog of radial velocities of galactic 
sta rs with high precision astrome tric data (CRVAD)" (based 
on iBarbier-Brossat & Figonll2000l) a s radial ve locity standard 
candidates. Furthermore lUdrv et alJ (Il999albl) present a list 
of CORAVEL radial-velocity standard stars, and a list with 
proposed high-precision radial- velocity standards, respectively. 
The stars presented in this paper are in addition to the akeady 
known radial velocity standard stars. 

The paper is organized as follows. In Section 2 the obser- 
vations are described, followed in Section 3 by the results for 
the individual stars. Section 4 contains a discussion and some 
conclusions concerning the radial velocity variability of K gi- 
ants. 

2. Observations 

The sample of 1 79 K giant s has been selected from the 
H ipparcos catalog (ESA 1997) based on the criteria described 
in lFrink et alJ(l2001i) . They are all brighter than 6 mag, presum- 
ably single, and have masses ranging from about 1 to 3 solar 
masses. In Table n]properties of the 34 stable stars are listed. 

Our ongoing K giant radial velocity survey started in June 
1999, with the Coude Auxiliary Telescope (CAT) in conjunc- 
tion with the Hamilton high resolution (R=60000) echelle 
spectrograph. An iodine cell is placed in the light path. With 
integration times of up to thirty minutes for the faintest stars we 
reach a signal to noise ratio of about 80 - 100, yielding a radial 
velocity precision of 5 - 8 m/s. This is adequate for our survey 
and hence no attempt has been made to reach the 3 m/s accu- 
racy which is in principle possible with this setup ([Butler et alJ 
Il996 !). The pipeline described by iButler et alJ ( Il996j ) is used. 
A template iodine spectrum and a template spectrum of the 
target star obtained without an iodine cell in the lightpath are 
used to model the stellar observations obtained with an iodine 
cell in the lightpath. The Doppler shift is a free parameter in 
this model and determined as the shift of the template stel- 
lar spectrum to obtain the best model for the observed spec- 
tra. With this method the radial velocity itself is not measured. 
Only the change in the radial velocity with respect to the stel- 
lar template is obtained with a precision of a few m/s. The 
mean radial velocities of the stars are known with an accu- 
racy of the order o f a f ew tenths of km/s from for ins tance 
lFamaeyetal1ll2005h and'Barbier-Brossat & Fi ff'or]ll2000l) . The 
radial velocities from|Famaev et al. (2005) were obtained with 
the CORAVEL spectrovelocimeter mounted on the swiss 1 m- 
telescope at the Observatoire Haute Provence, France. These 
are mo re accurate than the ones from Barbier-Brossat & Figon 
(1200 )■ but not available for all stars in our sample. The lat- 
ter is an extension of the WEB Catalog of Radial Velocities 
(lDuflotetalJl994. 

3. Results 

34 stars out of the sample of 179 stars have an observed stan- 
dard deviation of the radial velocity of less than 20 m/s. The 
exact value of this threshold is somewhat arbitrary. It is set by 



a visual inspection of the radial velocity variations observed 
in our sample. Stars without systematic radial velocity varia- 
tions or trends all happen to have an observed standard devi- 
ation of the radial velocity of less than 20 m/s. Furthermore, 
selecting reference stars for SIM PlanetQuest with radial ve- 
locity variations smaller than 20 m/s would result in an accept- 
able 3 .6% contarninatio n of the reference star grid with binary 
stars (iFrink et alJl200ll) . Plots of the radial velocity variation 
are shown in Figure^ The numbers in the upper right corner of 
each frame denote the observed standard deviation {(Tstd, upper 
number) and the mean error (cr,,,^., lower number) of the radial 
velocity observations. The latter is derived from the rms scatter 
of hundreds of individual "chunks" of the spectrum, typically 
2 A. In Table 121 for each of the 34 stable stars the mean error, 
number of observations, and timespan of the observations in 
this survey are listed together with the observed standard devia- 
tion, intrinsic standard deviation (which is obtained by quadrat- 
ically subtracting the mean error from the total observed radial 
velocity scatter), and the reduced ;\f^. Furthermore a flag is set 
to K for stars also present among the 3 967 candidate standards 
presented by Kharchenko et alJ ( 120041) . In case the flag i s set 
to N, there are not enough observations in Kharchenko e t alJ 
(I2OO4I) to make it a radial velocity standard candidate, but all 
other parameters do match their stability criteria. 

All other stars in the sample show radial velocity varia- 
tions larger than 20 m/s. Around one s tar a substellar com pan- 
ion has been discovered (t Draconis. iFrink et alJ 120021) . The 
highly non-sinusoidal radial velocity variation observed for 
this star can only be induced by a companion with high ec- 
centricity and not by stellar activity. This star also shows a 
long-term trend indicating a third component in the system. 
About 23 spectroscopic binaries are present. Some are already 
known in the literature, but some were not observed before 
and w ill be presented in a forthcoming paper ( Reffert e t alJ 
120061) . Furthermore, about 35 stars with sinusoidal periodic 
variations are present (* Hekker et alJl200 m. among which four 
show an additional long trend indicating a binary in a wide or- 
bit. The nature of these sinusoidal periodic variations is un- 
der investigation. For at least four stars there are strong argu- 
ments that the presence of nearly sinusoidal variations of the ra- 
dial velocity are mos t likely caused by substellar companions 
dMitchell et alJl200fl) . Two of the stars with very large radial 
velocity variations of several km/s appear to be supergiants. A 
summary of the whole program is presented in Mitchell et alJ 

4. Discussion & Conclusions 

To obtain more information on the type of stars that appear to 
be stable, all 179 stars from this survey are plotted in an My 
vs. B - y diagram, see Figure |2l A box is drawn around the 
stable stars. The box contains 1 1 binaries, three variable stars 
with long trends indicating that they are binaries, and 73 other 
stars among which the 34 stable stars. The binaries and variable 
stars with a long trend are excluded in the further discussion. 

The stable stars are not homogeneously distributed in the 
My VS. B -V diagram but they all have a B -V color less than 
1.2. This is shown in Figure|3 where the standard deviation of 
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Fig. 1. Radial velocity variations with an arbitrary zero point as a function of Julian date for the first 21 stars. The numbers in 
the upper right corner of each frame are the observed standard deviation (cTstd, upper number) and the mean error (cr^e, lower 
number) of the radial velocity observations. The Hipparcos catalog number is plotted in the lower right corner of each frame. 
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Table 1. Properties of the stable stars: right ascension (ra) in "hh:mm:ss" and declination (dec) in "dd:nim:ss", both 
J2000.0, apparent magnitude (my) and absolute magnitu de (My) in the V band, parallax (p lx) in mas, B -V color, (rather 
uncertain) mass obtained with the method described by Allende Prieto & Lambert rl999) in Mq, the spectral type (S P) 
and the radial velocity RV in km/s from Farnaey etjil. (2005) and Barbier-Brossat & Figon ( 2000) , respectively. The latter 
catalog does not give errors in the radial velocity for each star. 



HIP 



HD 



ra 
hh:mm:ss 



dec 
dd:mm:ss 



mv 
mag 



Mv 
mag 



plx" 
mas 



B-V 
mag 



mass 

Mo 



SP" 



RV" 
[km/s] 



RV 

[km/s] 



HIP4906 


HD6186 


01 02 56.6 


+07 53 25 


4.27 


0.44 


17.14 


0.952 


2.27 


KOIII 


7.47 ± 0.20 


7.50 ± 0.2 


HIP 13701 


HD 18322 


02 56 25.7 


-08 53 53 


3.89 


0.83 


24.49 


1.088 


1.38 


KHII-IV 




-20.30 


HIP14838 


HD19787 


03 1137.8 


+ 19 43 36 


4.35 


0.79 


19.44 


1.033 


1.91 


K2III 


23.05 ± 0.20 


23.90 ± 0.4 


HIP19388 


HD26162 


04 09 10.0 


+ 19 36 33 


5.51 


0.76 


11.21 


1.077 


1.39 


K2III 


24.75 ± 0.02 


24.80 


HIP21248 


HD29085 


04 33 30.6 


-29 45 59 


4.49 


1.58 


26.22 


0.972 


1.98 


KOIII 




20.60 


HIP22860 


HD31414 


04 55 06.8 


-16 44 26 


5.71 


-0.11 


6.85 


0.953 


3.01 


KOII 




9.80 


HIP33914 


HD52556 


07 02 17.5 


+ 15 20 10 


5.78 


-0.70 


5.06 


1.140 


3.06 


Kim 


-12.85 + 0.20 


-13.50 


HIP36848 


HD60666 


07 34 34.8 


-27 00 44 


5.78 


0.87 


10.41 


1.045 


1.71 


KlIII 




-6.20 ± 0.3 


HIP37447 


HD61935 


07 41 14.8 


- 09 33 04 


3.94 


0.71 


22.61 


1.022 


1.94 


KOIII 




10.50 


HIP38375 


HD64152 


07 5143.0 


-21 10 25 


5.62 


1.00 


11.90 


0.956 


2.50 


KOIII 




31.90 


HIP43923 


HD76291 


08 56 50.0 


+45 37 54 


5.72 


1.48 


14.21 


1.125 


1.30 


KlIV 


53.28 ± 0.30 


58.40 ± 0.3 


HIP48455 


HD85503 


09 52 45.8 


+26 00 25 


3.88 


0.83 


24.52 


1.222 


0.59 


KOIII 


13.63 ± 0.07 


14.10 ±0.3 


HIP53316 


HD94481 


10 54 17.8 


-13 45 29 


5.65 


0.16 


7.97 


0.832 


2.89 


KOIII 




5.40 


HIP58181 


HD103605 


1155 58.4 


+56 35 55 


5.83 


0.90 


10.34 


1.101 


1.45 


Kim 


16.91 ±0.16 


14.70 ± 1.2 


HIP59847 


HD106714 


12 16 20.5 


+23 56 43 


4.93 


0.52 


13.12 


0.957 


2.27 


Kom 


-27.89 + 0.13 


-27.20 ± 0.5 


HIP60742 


HD108381 


12 26 56.3 


+28 16 06 


4.35 


0.76 


19.18 


1.128 


1.66 


K2III 


3.38 + 0.11 


4.70 ± 0.3 


HIP68895 


HD123123 


14 06 22.3 


-26 40 57 


3.25 


0.79 


32.17 


1.091 


1.76 


K2III 




27.20 ± 0.5 


HIP74239 


HD134373 


15 10 18.6 


-26 19 57 


5.75 


0.05 


7.25 


1.045 


2.78 


KOIII 




-33.10 ±0.3 


HIP75944 


HD138137 


15 30 40.4 


-16 36 34 


5.82 


-0.37 


5.78 


1.056 


2.94 


KOIII 




-1.70 


HIP78132 


HD 142980 


15 57 14.6 


+ 14 24 52 


5.54 


1.33 


14.36 


1.141 


1.19 


KlIV 


-70.98 + 0.17 


-68.30 


HIP78442 


HD143553 


16 00 61.1 


+04 25 39 


5.82 


1.49 


13.62 


1.003 


1.93 


KOIII 


-7.85 ± 0.22 


-4.10 


HIP83000 


HD153210 


16 57 10.1 


+09 22 30 


3.19 


1.09 


37.99 


1.160 


0.78 


K2III 


-55.86 + 0.19 


-54.40 ± 1.3 


HIP88684 


HD165438 


18 06 15.2 


-04 45 05 


5.74 


3.02 


28.61 


0.968 


1.35 


KlIV 




-18.90 


HIP89962 


HD168723 


18 21 18.6 


-02 53 56 


3.23 


1.84 


52.81 


0.941 


1.96 


KOIII-IV 




8.90 ± 0.7 


HIP90496 


HD169916 


18 27 58.2 


-25 25 18 


2.82 


0.95 


42.20 


1.025 


1.88 


KlIII 




-43.20 ± 0.7 


HIP93085 


HD175775 


18 57 43.8 


-21 06 24 


3.52 


-1.77 


8.76 


1.151 


4.58 


KOII-III 




-20.10 ±0.6 


HIP94779 


HD181276 


19 17 06.2 


+53 22 06 


3.80 


0.91 


26.48 


0.950 


2.87 


KOIII 


-29.00 ± 0.30 


-29.20 ± 0.6 


HIP96229 


HD 184406 


19 34 05.4 


+07 22 44 


4.45 


1.80 


29.50 


1.176 


0.92 


K3III 


-24.73 + 0.13 


-23.90 ± 0.6 


HIP96459 


HD185351 


19 36 38.0 


+44 4142 


5.17 


2.13 


24.64 


0.928 


1.82 


KOIII 


-5.91 ±0.11 


-5.20 ± 1.0 


HIP 102422 


HD198149 


20 45 17.4 


+6150 20 


3.41 


2.63 


69.73 


0.912 


1.64 


KOIV 


-87.55 ±0.11 


-87.90 ± 0.6 


HIP 106039 


HD204381 


21 28 43.4 


-21 48 26 


4.50 


0.80 


18.18 


0.889 


3.46 


KOIII 




-20.80 ± 0.8 


HIP 112724 


HD2 16228 


22 49 40.8 


+66 12 01 


3.50 


0.76 


28.27 


1.053 


1.61 


KOIII 


-12.59 ±0.20 


-14.20 ±0.7 


HIP 115438 


HD220321 


23 22 58.2 


-20 06 02 


3.96 


0.48 


20.14 


1.082 


2.06 


KOIII 




-6.10 ±0.4 


HIPl 15830 


HD220954 


23 27 58.1 


+06 22 44 


4.27 


0.83 


20.54 


1.062 


1.54 


KlIII 


6.05 ±0.19 


6.50 ± 1.8 
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the radial velocity is plotted as a function of B - V color. The 
majority of the bluer stars show smaller variations in the radial 
velocity than the redder ones. This increase of the r adial veloc- 
ity v ariability with B - V color, first described by I prink et alJ 
( 12001) . is consistent with similar trends of photometry and ra- 
dial ve l ocity variabil i ty wit h spectral type l lHatzes & CochranI 
( Il998l) . Larson et a l.^ ('1999'), 'Nidever et al.' ('2002')). These re- 
sults a re also in good agreement with the results bv Henrv et alJ 
OOOOl) . They obtained photometric observations of 187 G, K 
and IVIO field giants and show that "stable" giants with a short- 
term standard deviation less than 0.0020 mag have a B -V less 
than 1.35. They note that nearly all stable giants are on the left 
side of the coronal dividing line (CDL). The CDL separates the 



giants with hot coronae on the left from giants with cool, mas- 
sive winds on the right (Linskv & Haisch 1979: Haisch 19991) . 



4.1. Statistics 

In Figure 13 a histogram of the standard deviation of the radial 
velocity from the stars in the box (Figure |5J is shown. Nearly 
half of the stars have a radial velocity with a standard deviation 
less than 20 m/s, 90 % less than 50 m/s and 96 % less than 100 
m/s. By selecting stars from the region in the color-magnitude 
diagram outlined by this box, it is thus possible to construct 
samples of K giants with small radial velocity variations. 



S. Hekker et al.: Precise radial velocities of giant stars 5 

Table 2. Observational results of the 34 stable stars: the mean error of the individual observations for each star in m/s, the number 
of observations (A^), the time span of the observations in days, the standard deviation of the radial velocity (cr) in m/s, the intrinsic 
scatter (cri„f) obtained by quadratically subtracting the mean error from the total observed radial velocity scatter, the reduce d y^ 
and a flag. This flag is set to K for all stars also present among the 396 7 candidate stand ards presented bv Kharchenko et ^ ij 
( 120041) . The flag is set to N for the stars with less than 4 observations in iKharchenko et a l. (2004) which do otherwise match 
their criteria. If the flag is blank a photometric variability flag is present in the Tycho 1 catalog ( E SAII 19971) and these stars are 
therefor e not included in t he Kharchenko et al. (2004) candidate standard star catalog. More details about the selection method 
used bv lKharchenko et alJ (12004) are described in the text. 



HIP 



HD 



mean error A' 
[m/s] 



timespan 
[days] 



cr 

[m/s] 



O-int 

[m/s] 



x; flag 





HIP4906 


HD6186 


5.2 


19 


1837 


15.9 


15.0 


9.2 






HIP 13701 


HD 18322 


5.0 


28 


1806 


14.9 


14.0 


8.6 






HIP14838 


HD 19787 


4.7 


18 


1803 


12.3 


11.4 


8.3 






HIP19388 


HD26162 


5.7 


18 


2222 


16.2 


15.2 


7.6 


K 




HIP21248 


HD29085 


6.1 


16 


1832 


15.7 


14.5 


7.5 






HIP22860 


HD31414 


7.8 


19 


2216 


12.2 


9.4 


24 


N 




HIP33914 


HD52556 


6.8 


20 


1877 


18.2 


16.9 


6.6 


K 




HIP36848 


HD60666 


8.4 


11 


1874 


16.6 


14.3 


3.8 


K 




HIP37447 


HD61935 


5.0 


14 


1839 


15.5 


14.7 


9.6 






HIP38375 


HD64152 


6.9 


11 


1897 


15.9 


14.3 


5.8 


N 




HIP43923 


HD76291 


7.1 


13 


1718 


144 


12.5 


4.1 


K 




HIP48455 


HD85503 


4.3 


14 


1458 


20.0 


19.5 


23.6 






HIP53316 


HD94481 


10.3 


11 


1814 


16.1 


12.4 


2.3 


N 




HIP58181 


HD103605 


6.5 


13 


1951 


12.7 


10.9 


4.2 


K 




HIP59847 


HD106714 


7.5 


14 


1882 


11.1 


8.2 


2.6 


K 




HIP60742 


HD108381 


5.4 


16 


1545 


124 


11.2 


5.8 






HIP68895 


HD123123 


5.2 


16 


1688 
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15.3 
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HIP75944 


HD138137 
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16 
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16.1 


14.3 


3.3 
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5.6 


16 
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K 




HIP78442 


HD143553 


5.7 
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1933 


13.2 
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54 


N 
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4.5 
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16.7 
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HIP88684 


HD 16543 8 


5.7 


20 
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10.8 
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HD 168723 
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12.4 
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HD169916 


5.0 


18 
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12.8 


11.8 
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HD 175775 


5.6 
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17.0 


16.1 


84 
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4.8 


18 


1835 


9.9 
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4.7 
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4.6 


19 
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17.0 


16.4 


14.3 
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5.6 
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2233 
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34 


K 
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5.1 


20 
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4.8 
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5.9 


18 
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8.8 
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2.1 
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HD2 16228 


4.4 


20 


1839 


12.1 


11.3 


8.2 


K 




HIPl 15438 


HD220321 


5.2 


21 


1836 


194 


18.7 


14.7 


K 




HIPl 15830 


HD220954 


4.7 


18 


1904 


124 


11.5 


7.2 
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4.2. Variability 








these 


; as p-mode pulsations. 


The radial vel 



For each star the standard deviation of the observed radial ve- 
locities, although small, is significantly larger than the mea- 
surement errors, which implies that the stars show low-level 
radial velocity variations. To quantify this a x^ test is per- 
formed to obtain the probability of the reality of this vari- 
ability. The reduced x^ values are listed in Table |2l 3 1 of the 
34 stars have a > 99.9% probability of variability, for the 
other 3 the probability is > 99%. The presence of variabil- 
ity is consistent with the findings of Barban et al. ( 2004) who 
detected solar-like oscillations in two red giant stars. One of 
these stars, HIP89962/HD168723, is also present in our sam- 
ple. They observed short time scale variations and interpreted 



iBarban et alJ (120041) have approximately the same amplitude as 
observed in the present survey. This indicates that the small 
radial velocity variations in the "stable" K giants are likely p- 
mode pulsations in the atmospheres of these stars. These pul- 
sations are much more rapid than the typical time sampling of 
our observations, and thus appear as scatter in our data. 

As the standard deviation is larger for all other stars in the 
sample (not considered in this paper), we can infer that essen- 
tially all K giants show radial velocity variations on the level of 
a few m/s. Furthermore since all stars with a standard deviation 
less than 20 m/s are found in the box in Figure|2l(by definition), 
which ranges roughly to B - V - 1.2, all stars redder than that 
show intrinsic variations larger than our threshold of 20 m/s. 
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Fig. 1. continued for stars 22-34. 



4.3. Standard star sample 

The stars presented in this paper can s erve as an a ddition t o 
the standard star sample presented by lUdrv et alJ lll99 9a b). 
Only one star (HIP19388/HD26162) from the present survey is 
present in their sample. They obtained 252 observations for this 
star with a timespan of 6993 days and found a velocity disper- 
sion of 0.3 km/s. This is the precision level of their observations 
and thus consistent with stability. The 12 stars from the present 
survey with a flag set to K in Tableware also present among the 
3967 c andidate standards listed in Table 2 of lKharchenko et alJ 
1120041) . These candidate standards are selected based on the 
following criteria: no multiplicity or variability flag, standard 
errors of equatorial coordinates cr < 40 mas, standard errors 
of proper motions cTpm < 4 mas/yr, standard eiTors of V mag- 



nitude (Tmv < 0.05 mag and B - V color cts-v < 0.07 mag, 
standard errors of radial velocity ctrv < 2 km/s, and at least 
4 radial velocity observations. The present observations could 
serve as a confirmation of their stability. 

The stars for which the flag in Table |2] is set to N are 
st ars which do not have enough radial velocity observations 
in lKharchenko et alJ 112004) but do match all other criteria. The 
stars without a flag in Table E a ll have a ph otometric variabil- 
ity flag in the Tvc ho 1 catalog (|ESAI |1997). and are therefore 
not included in the lKharchenko et al J (120 04) candidate standard 
star catalog. For details see the main catalog. Table 1 of the 
same publication. However, from the present observations no 
evidence for variability in the radial velocity larger than 20 m/s 
is found. 
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Fig. 2. My vs. B - y diagram with all 179 stars in the survey. 
The diamonds represent the stable stars, the asterisks represent 
the binaries, the crosses the variable stars with a long trend, 
the plus-signs are two supergiants with large, random radial 
velocity variations, and the dots are all other stars. The box is 
drawn around the stable stars and contains 1 1 binaries, 3 vari- 
able stars with a long trend, and 73 stars among which the 34 
"stable" sta rs. The dashe d line indicates the coronal dividing 
Une (CDL) (lHaischll999l) . 
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Fig. 4. Histogram of the observed standard deviations (includ- 
ing the contribution of the radial velocity errors) for the stars in 
the box in the My vs. B - V diagram from Figure |2 Binaries 
and the variable stars with a long trend are excluded. The stars 
in the highest bin have a standard deviation between 100 m/s 
and 500 m/s 



through their gravitational influence. (Note that for a desired 
apparent magnitude intrinsically brighter stars can be selected 
at a large distance, so that the angular displacement due to com- 
panions remains small.) However, any sample of "anonymous" 
rather distant K giants will contain a large fraction of binaries 
with stellar secondaries, which may lead to problems for as- 
trometry. Our data demonstrate that binaries with a radial ve- 
locity amplitude of a few tens of m/s can be identified readily 
with only a small number of high precision spectroscopic ob- 
servations, provided that the giants chosen are not too red or 
too luminous. Thi s reinforces the conclusion already drawn by 
iFrink et al.l (120011) that K giants are indeed good astrometric 
reference stars, and validates the grid star strategy adopted by 
the SIM PlanetQuest project. 



Fig. 3. Standard deviation of the radial velocity of the stars 
from the survey plotted as a function of B -V. Most stars with 
B - V < 1.2 show smaller variations in the radial velocity than 
the ones with B-V > 1.2. The symbols are the same as in 
Figure 121 The stars with a standard deviation larger than 250 
m/s, are not shown. 



4.4. Reference stars 

The results presented in this paper provide a refined answer 
to the question that originally motivated our radial velocity 
survey, namely whether K giants are suited as reference stars 
for the Space Interferometry Mission and other astrometric 
projects (see Frink et al. 2001 , for details). K giants are in prin- 
ciple good reference stars because they are intrinsically bright. 
Therefore sub-stellar companions do not disturb their photo- 
centers much, neither by contributing light to the system, nor 



4.5. Substellar companions and pulsations 

The radial velocity variations on the level of a few m/s are in- 
teresting for oscillation studies. With the present observations 
we show that they are observable in data with a precision of a 
few m/s. The time sampling of our observations is not suitable 
to obtain periods, but with campaigns taking multiple observa- 
tions during each night this should be possible. Due to the fact 
that the oscillations appear on a level of a few m/s and with 
short periods it is also possible to search for (substellar) com- 
panions around these stars which can have larger radial velocity 
variations on longer timescales. 
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